Abstract Roasted groundnut seeds, amaranth and dates pulp formed the center filling which was coated with sugar, breadings, desiccated coconut and roasted Bengalgram flour (BGF) to get 4 coated snacks. Physicochemical characteristics, microbiological profile, sorption behaviour and sensory quality of 4 coated snacks were determined. Centre filling to coating ratio of the products were in the range of 3:2-7:1, the product having BGF coating had the thinnest coating. Center filling had soft texture and the moisture content was 10.2-16.2% coating had lower moisture content (4.4-8.6%) except for Bengal gram coating, which had 11.1% moisture. Sugar coated snack has lowest fat (11.6%) and protein (7.2%) contents. Desiccated coconut coated snack has highest fat (25.4%) and Bengal gram flour coated snack had highest protein content (15.4%). Sorption studies showed that the coated snack had critical moisture content of 11.2-13.5%. The products were moisture sensitive and hence require packaging in films having higher moisture barrier property. In freshly prepared snacks coliforms, yeast and mold were absent. Mesophillic aerobes count did not show significant change during 90 days of storage at 27°C and 37°C. Sensory analysis showed that products had a unique texture due to combined effect of fairly hard coating and soft center. Flavour and overall quality of all the products were rated as very good.
factors that dominate the latest research trends (Fiszman and Salvador 2003) .
Coatings are especially important in the snack food industry where the base often have an unattractive appearance and tastes bland, mealy, sticky, dusty or dry. The secret to the popularity of these snacks is coatings, which give an appealing colour and flavour (Barringer 2002) . Coatings are also used to reduce oil uptake improve effectiveness of a product. Studies have shown that protein based coatings with carboxymethylcellulose (CMC) can be effectively implemented to improve quality and reduce oil uptake of coated peanuts (Hana et al. 2009 ). Edible coatings have also been used effectively for protecting perishable foods such as strawberries to improve quality and storage time. A batter with high protein content produces a more nutritious coating than batters based purely on cereal flours. Bhardwaj (1990) proposed a batter with a high concentration of a pulse with a particular particle size in order to obtain fried battered products of high quality and with a crispy, chewy crust.
Migration of moisture from the centre to the coating occurring during storage of such products results in textural changes. Moisture and composition of filling and coating materials are important criteria in determining the shelf -life of coated snacks. The present study comprises formulation, preparation and quality analysis of soft centered coated snacks with different coating materials.
Material and methods
All the ingredients necessary for the preparation of soft centered coated snacks were procured from the local market.
Processing of raw materials
Dates (Phoenix dactylifera) Weighed quantity of dry dates was mixed with equal quantity of water, and kept for 1 h. Seeds were manually removed and the pulp was ground in a electric grinder for about 10 min to get a paste.
Groundnut (Arachis Hypogea) Groundnuts were roasted at 110-115°C for 5-6 min and cooled. The roasted nuts were fed into the hammer mill fitted with a suitable sieve (size 8), to obtain groundnut pieces of 2-3 mm size. Groundnut skin was removed by aspiration.
Amaranth (Amaranthus Caudatus) seed Amaranth seeds were washed with water to remove foreign particles and sand; and then dried at 60-65°C for 4-5 h. Dried seeds were popped in an open pan at 190-200°C and the popped seeds were sieved using 18 mesh sieve to remove fines and unpopped grains.
Preparation of filling material Date paste was heated on a low flame till the paste attains 85-90°C. Roasted groundnut bits and popped amaranth seeds were added and heating was continued with thorough mixing till the ingredients form a single mass. This was transferred to a tray coated with thin layer of corn flour and hot mass was sheeted manually to a thickness of about 2 mm. The material was allowed to cool and then cut into small bits which were manually made into spherical balls of about 1 cm diameter. The formed filling material balls were dried in hot air drier at 50-60°C for 20-30 min.
Preparation of coating material Sugar and liquid glucose in the ratio 3:1 were dissolved in water and syrup was prepared by heating the solution till the soluble solids content reached 78-80°B. The 4 coating materials used were powdered sugar, breadings, desiccated coconut, and roasted BGF containing spices.
Coating Filling material in the form of spherical balls was taken in a coating pan revolving at 15 rpm. Hot syrup was added in small quantities with continuous tumbling under a stream of hot air (80-85°C). Each layer of syrup coating was followed by dusting with corn starch and coating materials. Syrup and the coating materials were added in succession till required thickness of the coating was achieved. Coated products were dried in a hot air dryer at 60°C for 25-30 min. Four coated snacks were prepared with the 4 different coating materials were prepared.
Physicochemical analysis Weights of the filling material and coating were determined to find out the ratio between the filling and the coating. Mean values of 10 readings were calculated. Coating thickness measured using a digital vernier caliper and mean values reported. Proximate composition was estimated in duplicate by standard procedures (AOAC 1995) . Iron and calcium was estimated by the method of Ranganna (2000) . All the analyses were carried out in triplicate.
Equilibrium relative humidity (ERH) studies Saturated solution of lithium chloride, potassium acetate, magnesium chloride, potassium carbonate, magnesium nitrate, sodium nitrate, sodium chloride, potassium chromate, and ammonium phosphate were used to obtain different RH combinations having water activity (a w ) values of 0.11, 0.22, 0.33, 0.44, 0.54, 0.64, 0.72, 0.86 , and 0.92 respectively and loss or gain in moisture contents were estimated periodically. All chemicals used of were analytical grade (AR). Saturated solutions were taken in different desiccators. Prior to keeping the coated snacks in these desiccators, the samples were conditioned to 65% at 27°C for 12 h. The initial moisture content (IMC) was estimated in triplicate by oven method (AOAC 1995) . Weighed samples of about 10 g after conditioning at 27°C and 65% RH were placed in each desiccator. At frequent intervals the samples were removed from the desiccators and immediately weighed in order to record the percent loss or gain in weight. Studies were continued till there was no change in weight indicating moisture equilibration.
Texture analysis The hardness/shear of coated snacks was determined with a Universal Texture Testing Machine, UTM (Model LR 5K Llyods instruments, UK). The product was sheared using a load cell of 1 KN with a Warner Bratzler shear attachment at a crosshead speed of 50 mm/min. The maximum force required for complete shearing of coated snack into 2 pieces was reported an average of 8 replicates has been reported. The maximum force required to compress the coated snack by 50% was recorded as compression force or hardness. Mean values of 10 readings were noted.
Microbiological analysis All glass wares and other materials used in the present study were sterilized by steam in autoclave at 121°C for 20 min. All the chemicals required for the media used in this study were procured from Hi Media Private Limited., Mumbai, India. The following 3 media's were prepared according to the manufacturers instructions.
1. Plate count agar to detect mesophillic aerobes 2. Potato dextrose agar to detect yeasts and molds 3. Mac Conkeys agar to detect coli forms Sensory evaluation Fresh samples were analyzed in terms of colour, texture, aroma, taste, and overall quality. A trained panel of 12 judges participated in this study. Representative samples of coated snacks were presented to the panelists for discussion of the sensory attributes of the product. The definitions of the attributes were also discussed and descriptors developed by asking the panelists to describe the product with the suitable descriptive terms for development of a score card, which consisted of each attribute on a 15 cm line scale. Quantitative descriptive analysis methods were adopted and the panelists were asked to mark the intensity of each attribute (Stone and Sidel 2004) .
Results and discussion
Physicochemical characteristics The coated snacks had spherical shape and their weight ranged from 9 to 14 g. The difference in weight was mainly due to the thickness and weight of the coating which was lowest (4.7 g) in sugar coated snack and highest (8.1 g) in desiccated coconut coated snack. This was reflected in the variations in weight ratio's of filling and coating. Sugar coated snack had filling to coating ratio of 3:5 whereas breading coated snack had proportionately heavier filling as shown by the ratio 6.7:7.6. No significant differences were observed between the mean weights of filling and coatings of sugar and breading coated snacks but significant differences were observed in the other two i.e., desiccated coconut and BGF coated samples (Table 1) . The filling of all the samples showed no significant difference among the different types of coatings of sugar and breading coated snacks but significant differences were observed in the other two i.e., desiccated coconut and BGF coated samples. Considering the weight of the coatings it was found that, sugar and roasted BGF coatings were more compact as given by coating thickness of 2.7 mm for both the products (Table 2) .
Proximate composition
Moisture Table 3 gives the moisture content of the whole snacks, filling and coating. The snacks were soft centered because moisture content of filling material ranged 10.2- 
16.2%. Comparatively coatings had lower moisture with sugar coating having the lowest moisture 4.4%. This made the product slightly crunchy. But BGF coated snack had higher moisture content (11.1%) in the coating resulting in a soft textured product. No significant differences were observed between the sugar and breading coated snacks but in desiccated coconut and BGF coated differences were observed in the percentage of coating. Filling material was same in all the 4 products. However, proximate compositions of the snacks were found to vary (Table 4 ) with the type of coating material. Sugar coated snack had the lowest content of fat (11.6%) and protein 7.2%, whereas in breadings coated snacks, it had a fat content of 14.5% and protein 8.4%. When desiccated coconut powder was used in the coating material, it increased the fat and protein levels to 25.4% and 10.1% respectively. BGF snack had the lowest sugar (19.4%) and the sugar coated snack had the highest content of 36.7%.
Crude fibre content was lowest in sugar coated snack. Presence of desiccated coconut increased the crude fibre content and the use of red chilli powder in BGF coating was found to increase the crude fibre to 5.62%. Ash content was high in BGF coated snack because of the addition of salt in the coating material. This product also had higher iron content of 9.07 mg/100 g. Calcium content varied from 23.6 to 43.2 mg/100 g.
Sorption studies
In all the 4 samples equilibrium moisture contents(EMC) were lower than the initial moisture content (Fig. 1) when stored under humidity condition of 11, 22, and 33% RH. Sugar coated snack showed a rapid increase with RH of the storage atmosphere. Pattern of increase in EMC was not the same for all the products, because sorption characteristics are dependent on product composition. Sugar coated snacks had 29.0 and 30.8% EMC when stored at RH of 86 and 92%. On the other hand, desiccated coconut coated snack had corresponding EMC values of 16.6 and 17.6% respectively. Sugar being more hygroscopic had higher moisture absorption capacity than other coating material, and the sample became sticky at RH of 76, 85 and 92%. Sugar modifies the moisture sorption behaviour depending on its physical form. It binds the water and restricts its mobility. Chinachoti (1993) has reported that the physical form of sugar rather than the proportion modifies the mobility of water molecules in the system. In the case of BGF coated sample at 44% RH, the EMC (10.8%) was lower than IMC, whereas desiccated coconut and breading coated snacks at to 44% RH had EMC values that are slightly higher than IMC. It has been reported that moisture loss in flour based sweets at RH<50% is a combined effect and interactions of different ingredients. Factors which control moisture sorption characteristics of flour based sweets include proportion of hydrophilic and hydrophobic components such as proteins, soluble and complex carbohydrates and fat (Shreedhar et al. 1996) . Proportion of flour solids has been identified as one of the factors that modify the EMC of fried snacks (Rao et al. 1990a, b; Thakur and Arya 1990) and this effect is probably due to water binding capacity of flour proteins and carbohydrates (Pratap et al. 1982) .
All the samples stored at 56% RH and above had visible mold growth, at the end of 30 days of storage. This corresponded to moisture contents of 17.0, 15.1, 11.6 and 16.6% in snacks coated with sugar, breading, desiccated coconut and BGF respectively. The sorption behavior of the snacks revealed that they are moisture sensitive and hence require packaging in films with high moisture barrier property.
Texture analysis Texture of coated snack measured in terms of shear and compression varied depending on the nature of the coating materials. Sugar coated snack was more firm and harder than other samples as shown by the compression force of 210N-230N, and shear value of 76N-80N (Table 2) . Sugar coating had the lowest (4.44%) moisture content which resulted in a harder product requiring more force for shearing and compression. BGF coated snacks has higher moisture both in filling and coating. This is reflected in shear and compression values of 76N and 211N respectively. No significant differences were observed among shear values of the coated snacks. Table 5 gives microbial quality of coated snacks. Coliforms and yeast and molds were found to be absent in the fresh samples. However, in samples packed in HDPE pouch (150 guage) and stored at 27 and 37°C growth of yeast and mold was observed. This indicates the possibility of post processing contamination. The microbial qualities of various commercial Indian sweets have been studied. Dwarakanath and Venkatasubbaiah (1985) have reported high values of total bacterial count, yeasts and molds in many of the preparation. Counts of mesophillic aerobes observed in fresh samples did not show any significant change at the end of 90 days of storage at both temperatures. The counts may not suggest any health risk but it is preferable to keep the mesophillic aerobes count between 1.5 and 2.0 log 10 cfu/g. Coliforms indicative of contamination which may lead to health hazard were found to be absent in all the samples. The results also indicate that care should be taken to avoid post-processing contamination with yeasts and molds.
Microbiological quality

Sensory analysis
The sensory quality is represented in the Fig. 1 . All the snacks except BGF coated snack had high firmness as shown by the sensory score of 11-12. Since the filling material was same in all the products, not much variation was seen in the attribute "granular". All the products had almost same score for hardness probably due to very little variation in the moisture content. Sugar coated product had higher sweetness score whereas presence of spices in BGF coated snack contributed to a high spicy note. Dessicated coconut snack had highest acceptability as given by overall quality score and sugar coated snack had lowest score. However all products were acceptable as they had an overall quality score of 10-14. Results of sensory evaluation show that one filling material can be used to prepare a variety of snacks by varying the composition of the coating.
Conclusion
Novel coated snack containing oilseeds and dates as the center filling can be prepared. Use of different types of coating material will add variety to the nature and quality of the product. With the growth of the processed food industry, the demand for novel foods is increasing. Speciality coatings can provide a number of functional benefits to snack foods, and that use is likely to increase due to demand for tasty and appealing products.
